1. Milk Sprague-Dawley rats were allocated at 100 g into either an adlib.-fed control group or a food-restricted group. The restricted group was fed for 9 d at 25% of ad lib. intake. Controls were killed at a body-weight of 100 g and 29 d of age and the restricted animals were killed at 70 g and 38 d of age.
skeletal muscle (Winick & Noble, 1966; Widdowson, 1970) . The effect of this restriction on cellular development remains in dispute (Sands et al. 1979 ). The present study examines the effects of acute dietary restriction on the number and cross-sectional diameter of muscle fibres. A 9 d partial restriction of food resulting in a 30% reduction of body-weight was utilized to retard cellular growth severely in skeletal muscles of young rats. A new technique which allows for rapid determination of muscle fibre number (Thompson et al. 1979 ) was utilized to compare actual counts of fibre number with the common biochemical estimates of cell (nuclear) number. This study is the first to examine the effect of nutritional restriction on fibre number and size as well as DNA and protein in the rodent.
MATERIALS A N D METHODS

Animals
Male Sprague-Dawley rats (Holtrman Co., Madison, WI, USA) weighting from 60 to 65 g were purchased at 21 d post partum. All animals were housed individually in stainless-steel, wire-bottom cages in a temperature-and humidity-controlled laboratory. Room lighting consisted of equal 12-hour periods of light and dark. Throughout the study all animals received water ad lib. All animals received the diet described in Table 1 ad lib. until they reached a body-weight of 100 g. Then animals were assigned to either control (C), partialrestriction (PR), or age control groups which had average body-weights of look2 g, 99 & 2 g and 97 f 3 g respectively. Each group consisted of fifteen animals. Control animals were killed at 29 d of age at body-weights of approximately 100 g. The PR group received 25% of the control ad lib. intake for 9 d in a single feeding at the beginning of each dark period. The PR group weighed approximately 70 g when killed. The age control group received the diet for 9 d and weighed 179 g at death. Based on preliminary experiments, it was estimated that virtually all animals would die when they had lost approximately 45% of body-weight which would have occurred within the following 48 h.
Postmortem procedures
Immediately after death, the heart, liver and three skeletal muscles from one side were removed from each animal. The skeletal muscles were: the soleus, plantaris, and extensor digitorum longus (EDL). These muscles were identified (Greene, 1959) and dissected from origin to insertion. All adhering fat and connective tissue including tendons were removed from each of the muscles before weighing. These muscles were used for the measurements of protein and DNA concentrations. For the chemical assays the tendons were removed from each muscle and individual muscles (e.g. soleus) from one side of five animals were pooled to obtain a sufficient sample size. Pooled samples were stored in 5 vol. 0-25 M-potassium chloride for 3 d at -4'. Samples were then thawed on ice and an equal volume of cold trichloracetic acid (200g/l) was added. Samples were homogenized using a Brinknian PCU-2 Polytron homogenizer for 45 s and triplicate portions of the homogenate were assayed for DNA and protein according to the method of Schmidt & Thannhauser (1945) : as modified by Munro & Fleck (1966) , retaining the original lipid extraction. The DNA fraction was assayed by the indole reaction as described by Ceriotti (1952) and protein was determined by the method of Lowry et al. (1951) . Contralateral muscles were removed after the onset of rigor mortis and stored individually in formalin (100 ml/l) buffered with 0.1 M-phosphate buffer, pH 7.4, for at least 10 d before being used for determination of muscle fibre number and size. Fibre number and diameter were determined as described by Thompson et al. (1979) . Evaluation of statistical signific:ance of differences was performed using the Student's t test (Snedecor & Cochran, 1956) .
RESULTS
Body-weight of rats in the control group averaged 99.3 f0.2 g and the rats were 29 d of age at the time of killing, whereas the rats in the PR groups given only 25% of the ad lib. intake for 9 d weighed 70.4k0.1 g and were 38 d of age when killed, Each of the muscles lost weight as the result of the dietary restriction (Table 2) , the loss ranged from 8 to 26% of the weight at the beginning of the restriction. The soleus appeared to be somewhat spared the effects of food restriction, whereas the plantaris and EDL weight loss was more closely related to the extent of loss in body-weight. The heart lost 27% of its weight during the restriction while the liver lost 57% of its weight.
The results in Table 3 suggest that the loss in muscle mass due to acute dietary restriction results both from a decrease in the number of fibres in the muscle and a decrease in the size of the fibres which remain. The reduction in the number of fibres v. fibre diameter varied greatly among the muscles. The number of muscle fibres was reduced by 30% in the soleus Reduction in the numbers of fibres in the plantaris was less, however the reduction of fibre diameter was greater than in the two other muscles.
The DNA content of the soleus, plantaris, and EDL remained constant throughout both dietary restrictions (Table 4) . During the period of the dietary restriction the DNA contents of the soleus, plantaris and EDL muscles increased to 53,89 and 42 mg/muscle in the age controls. The percentage loss in protein (Table 4) corresponded well with the percentage loss in muscle weight (Table 2 ) with the soleus losing only 3% of its protein mass while the plantaris and EDL lost 17 and 20% respectively. Due to this loss of protein, the protein: DNA value decreased in the plantaris and EDL. Protein (/g tissue) remained constant during food restriction (values not shown).
DISCUSSION
The findings of this study indicate that during acute dietary restriction both the number of muscle fibres and the size of the fibres can be reduced. This is the first report of a postnatal decrease in the number of muscle fibres due to a nutritional stress. Fibre number decreased in the soleus, plantaris and EDL by 30, 5 and 21% respectively by the end of the 9 d at https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19810126 Downloaded from https://www.cambridge.org/core. IP address: 54.70.40.11, on 05 Apr 2018 at 12:47:42, subject to the Cambridge Core terms of use, available restric1:ion. There was also a decrease in fibre size as measured by fibre diameter in each of the muscles. This decrease was significant in the plantaris and EDL.
Few studies have determined muscle fibre number after restriction of food intake and there is a lack of agreement among these studies. However, this lack of agreement is not surprising since these studies differ greatly in types of muscles, species and nutritional restrictions utilized (Montgomery et al. 1964; Rowe, 1968; Stickland et al. 1975; Kim & Hegar ty, 1978) . Previous reports indicate that nutritional restrictions, sufficiently severe to cause lloss of body-weight, will cause a decrease in mean fibre diameter (Rowe, 1968; Kim & Hegarty, 1978) . Goldspink (1965) suggested that a reduction of fibre diameter was due to a dlxrease in the number and size of myofibrils. Using an experimental design similar to the present one, Rowe (1968) examined the effects of partial starvation on five muscles of mature mice and concluded that during food restriction the number of muscle fibres remained constant but mean fibre diameter was reduced. On the other hand, a preliminary report by Kim & Hegarty (1978) indicated a decrease in both fibre number and mean fibre diameter in rats after prolonged total starvation. Similar controversy exists in studies which result in reduction of body-weight compared to age controls . Stickland et al. (1975) examined a single skeletal muscle from growing pigs after 1 year of food restriction. They reported that fibre number remained constant and that fibre diameter was lower than ad lih-fetl age controls. However, Montgomery (1962) reported a lower number of muscle fibres in infants who died from protein-energy malnutrition Y. normal infants who had died in accidents.
The results in Table 3 suggest that the major reasons for lack of agreement among previous reports are: (1) large variations in the number of fibres in muscles from animals in the same treatment and (2) the failure of all muscles to respond identically to a treatment. In the first instance, the SEM associated with the mean fibre number indicates considerable variation in fibre number among animals (Table 3 ). This variation makes it difficult to demonstrate statistically-significant differences. Results from Bedi et al. (1978) demonstrate the problem. They reported an 18% decrease in fibre number in rats malnourished through gestation and suckling; however, their observations were not statistically significant due to a large SEM. In the second instance, the selection of a muscle may alter the conclusions about fibre number. For example, if only the fibre number of the plantaris (Table 3) were measured, fibre number would be interpreted as a constant value, whereas measurement of fibre number in the EDL reveals a significant decrease.
The limited information concerning the biochemical estimate of cell number and size serve to verify previous reports (Winick &Noble, 1966; Spence & Hansen-Smith, 1978) . The effect of dietary restriction is to slow or halt the normal growth-related increases in DNA ( Table   4) .
Maintenance of cellular growth of skeletal muscles is dependent upon the severity of the nutritional restriction. Previous investigators have reported that restriction of dietary protein or energy would halt the growth-related increases in DNA (Hill et al. 1970; Howiuth, 1972; Dickerson & McAnulty, 1975; Spence & Hansen-Smith, 1978) . Summarizing these earlier reports, it appears that restriction of protein to a level less than or equal to a 60 g casein plus 3 g methionine/kg diet or restriction of total energy to less than 50% of normal, will cause cessation of nuclear proliferation in skeletal muscles. At intakes above these levels the reduction of nuclear number appears to be roughly proportional to the seventy of the dietary restriction.
The dietary restriction caused a decrease in protein : DNA, an estimate of cell size, in the plantaris and EDL but not in the soleus. Thus, during severe weight loss, the body appears to be able selectively to maintain certain muscles such as the soleus.
Comparison of the anatomical and biochemical estimates of muscle cell size reveals that the values are in reasonable agreement. The percentage decrease in protein:DNA is similar to the percentage loss of muscle weight, while fibre cross-sectional area, n x (diameter/2)2, decreased to a greater extent than muscle weight. This suggests that the majority of the weight lost is derived from the muscle fibres and not from extracellular components of the muscles. Mendes & Waterlow (1958) and more recently Spence & Hansen-Smith (1978) reported that during restriction of protein and energy the amount of muscle collagen remained constant or even increased while the non-collagenous protein decreased. These results imply that loss of protein from muscles is primarily derived from the loss of fibre protein.
Comparison of the anatomical and biochemical estimates of cell number reveal that the number of muscle fibres decreases during restricted food intake (Table 3) while the number of muscle nuclei remains relatively constant ( Table 4) . Earlier we reported (Layman et al. 1980) a similar inconsistency in these values during normal growth. During growth we found a decrease in the number of muscle fibres in each of four muscles examined. It is of interest to note that the growth-related decrease in fibre number is sufficient to account for the 5% loss of fibres in the plantaris in the present study and subtracting out this age effect from the soleus reduces the percentage change due to dietary restriction to 22%. These results indicate that in skeletal muscle, the physiological significance of the 'cell' as measured by DNA is not the same as that of the anatomical unit. In an attempt to explain the inconsistency, we postulated a mechanism of fibre fusion (Layman et al. 1980) . We suggested that upon reaching some critical size muscle fibres coalesce, thus maintaining a larger fibre and also maintaining nuclear number. While this hypothesis appears to be consistent with all available information, no direct evidence is available to support it. However, recent reports examining increases in fibre number due to dystrophy-induced or exercise-induced hypertrophy have presented convincing evidence for splitting of muscle fibres (Swash et al. 1977; Vaughan & Goldspink, 1979; Gonyea, 1980) . Thus the reverse of this process, fusion of fibres, appears reasonable.
Changes in fibre number and nuclear number have been investigated in three skeletal muscles after severe dietary restriction during postweanling growth of the rat. Nutritional restriction, sufficient to cause body-weight loss, was found to halt increases in nuclear number and to decrease the number of muscle fibres. We have also found that muscle fibres lost during postweanling dietary restriction can be regained upon refeeding (Hegarty & Kim, 1980) . Presently, muscle fibre number is assumed to relate to growth potential. However, this assumption makes the relationship of nuclear number to growth potential unclear. Winick 8z Noble (1966) have presented evidence that the failure to increase DNA during this period of growth will result in a permanent decrease in DNA for these tissues and a decreased growth potential. Since fibre number is not permanently decreased during postweanling nutritional restriction it is suggested that after weaning DNA and not fibre number (cell number) is controlling the growth potential of rat skeletal muscle.
